This paper describes the creation of a database to store and provide access to historical geotechnical and pavements information from hundreds of construction projects in Kansas. Records of subgrade soil and pavement information were scanned to an accessible electronic format and key data fields were entered into a database. The geographic coordinates of sampling locations were determined, where possible, and entered into the database. These data may be imported to and analyzed in a geographic information system (GIS). Multiple analyses were conducted using the information from the database, and the accuracy of the data entered was evaluated.
Introduction
Many organizations, particularly Departments of Transportation, have a wealth of geotechnical data that has been collected over a number of decades. This information is typically stored in paper form, although it may be stored in microfiche or other condensed forms. When stored in these forms the data occupy a large volume of physical space and are subject to physical damage. It is also effectively impossible to analyze the data as a whole (or significant subsets of the data) due to the large amount of labor involved in data retrieval. These disadvantages associated with traditional storage media can be eliminated through transfer of data to a computer database. The data set, which includes the spatial information associated with the data, can then be analyzed.
Project Objectives
The purpose of this project was to convert selected subgrade and pavement information from the Kansas Department of Transportation (KDOT) to a georeferenced, accessible electronic format. The selected data consisted of 1076 project files in 26 boxes (approximately 30,000 pages) of subgrade soil information (Kneebone 2005) . These paper records were scanned and selected data from the scanned records were entered into a Microsoft Access database. The latitude and longitude of the sampling locations were determined, where possible, and entered into the database. An analysis of selected data from the database was conducted, and the accuracy of the data entered was evaluated (Young et al. 2005) .
Description of the Source Documents
Twenty-six boxes of historical records were provided to the University of Kansas (KU) by KDOT. These records represent approximately 30% of KDOT's historical subgrade test records. The records were stored in paper files sorted by project. Records dated primarily from the 1940's and 1950's and varied widely in physical condition. Most projects were construction or rehabilitation projects; the data from these projects were entered into the database and georeferenced, where possible. Records from a number of other projects, such as research projects, quarry investigations, and other projects were scanned, however testing information from these projects was not entered into the database. Documents were scanned in color and stored by project in PDF format. Use of color was a significant decision because of the much larger volume of storage required, however it was necessary to preserve the maximum amount of legibility on documents that were in some cases over 60 years old. In many cases later notations were made with colored pencils and use of color was required to preserve these distinctions. The scanned records occupy 21.7 GB of disk space and fit on five DVDs. The database was constructed in Microsoft Access and accommodates project, lab, and sample-specific information. The database structure is shown in Figure 1 .
Georeferencing of the Data
Georeferencing of the data was accomplished using scanned maps of the projects provided by KDOT. Project coordinates were established within a geographic information system (GIS) using known points from the scanned maps. The precision of the project coordinates in the GIS is equivalent to the accuracy of the paper maps. Where an end of the project was located at a known point, such as a county boundary or the intersection of two routes, the precision of the georeferencing was established within the GIS with a degree of accuracy equal to the mapping within the GIS. For many projects the location of the start or end of a project was not at a known location. For these projects the location of the start or end of the project was determined from the printed map using a scale. Latitude and longitude for each of the sample points were then determined within the GIS and exported back to the Access database.
The geographic coordinates of sample points are referenced to the North American Datum of 1983 (NAD83).
Coordinates could not be established for many projects where no location information or maps were available. Several projects had non-unique station numbers; these projects could not be georeferenced.
Accuracy of Data Entry
Data from a total of 16 projects were entered twice by two different individuals and compared to evaluate the accuracy of the data entry. Duplicate data were entered into a total 8372 fields. The error (difference between files) rate was 0.6%, with 0.2% of the error due to keystroke differences and 0.4% of the error due to ambiguous or illegible notations in the paper records. These results confirm what was a general observation which was that poor, faded, stained, or otherwise difficult-to-read writing was the greatest challenge associated with moving from paper to a digital storage system.
Examples of Data Analysis and Display
Once entered into Access, a variety of statistical analyses may be conducted with relative ease including frequency of soil type, Atterberg limits, and other factors. Figures 2 and 3 present examples of analyses that can be performed directly on data in the Access database. These figures show % clay versus the plastic index (PI) and liquid limit (LL) for Montgomery County, Kansas. Such analysis will be useful for evaluating the correlations between soil characteristics.
Of more potential value is the ability to import the data into a geographic information system where the data may be analyzed and displayed based on geographic location. Data may also be combined or intersected with other geospatial information for more advanced analyses. One example of this is shown in Figure 4 , where the subgrade sampling locations are displayed and classified based on clay content, with samples that have more than 35% clay shown as black traingles and samples with less than 35% clay shown as white circles. Background contours show the USDA soil classification map for Kansas. This Maps such as the one shown can be used during planning for rehabilitation and reconstruction activities by providing information on the subgrade conditions. When combined with a database of pavement performance, this map and similar maps of compacted subgrade conditions created within a GIS have the potential to highlight areas of poor pavement performance and exceptional pavement performance and correlations between soil conditions and pavement performance can be developed. 
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Conclusions
A computer database containing approximately 30 percent (approximately 30,000 pages) of the subgrade records for the state of Kansas was constructed. All pages were scanned into PDF files and selected data were manually entered into a computer database. A series of statistical analyses were conducted and the database was imported to ArcGIS, where the information may be displayed spatially in conjunction with other data sets for further analysis.
